An increasing number of Original Equipment Manufacturers (OEM) are realizing that their products, earlier the foundation of their success, no longer stand alone in satisfying customer requirements. Customers now demand integration of services and bundling as well as increased active participation of OEMs during the use phase. Ericsson, a Swedish multinational OEM of communications technology and services, is an example of such a company. The objective of this paper is to describe, compare and discuss Ericsson's journey from a product provider to a PSS provider, e.g. by comparison with other industry examples. Furthermore, the paper highlights future challenges and opportunities for instance regarding business models, trends and product design.
Introduction
Besides intensified global competition, an increasing number of Original Equipment Manufacturers (OEMs) are realizing that their products, earlier the foundation of their success, no longer stand alone to satisfy their customers' requirements (see e.g. Kowalkowski [1] , Lindahl, Sakao et al. [2] and Tukker and Tischner [3] ). Their customers now demand integration of e.g. services and increased active participation of OEMs during the use phase. Service in this paper includes operation, maintenance, repair, upgrade, takeback, and consultation.
In parallel, and caused by society's and customers' increased awareness of growing environmental problems, the environmental and resource-related requirements of the OEM are getting tougher [4] . There exists today in society a desire for economic growth that is decoupled from resource consumption -in many cases the cause of environmental problems -to achieve a more circular economy [5] .
The challenges above are forcing OEMs to find new ways to keep their offerings competitive, and among the most popular and fastest-growing solutions is to evolve from product to solution provider with a lifecycle perspective, e.g. by adding on service and taking increased responsibility for the use and end-of-life phases. This type of solution is also called Product-Service Systems (PSS) or Integrated Product Service Offerings (IPSO) [3, [6] [7] [8] [9] . PSS is defined as "tangible products and services designed and combined to jointly fulfill specific customer needs" [3] . This paper uses the term IPSO in referring to this type of business offering in order to emphasize the integration aspect.
Xerox, a pioneering company in the IPSO area, realized when evolving from product to IPSO provider that they had to change their operations and faced new challenges. Remanufacturing, e.g., required an organized and predictable flow of cores and a new reverse logistics system. This resulted in new business models, e.g. leasing of copy machines, and the focus was moved towards creating customer value by providing performance, e.g. being paid per copy [10] . Furthermore, the focus came to provide more resourceefficient solutions with fewer products than seen historically.
This change towards IPSO made it possible for Xerox to reuse parts and remanufacture products several times in several offerings. There are economic and environmental benefits in combining PSS and remanufacturing (see Sundin and Bras [11] ), but PSS by itself and remanufacturing have been found to be environmentally benign (see Lindahl, Sundin et al. [12] and Sundin and Lee [13] ). In addition, if one is considering PSS and/or remanufacturing in the design phase, even more benefits can be gained (see Kerr and Ryan [14] ). The experiences from Xerox are also supported by other studies; see e.g. Emtairah and Mont [15] and van Beers, Grossi et al. [16] .
The objective of this paper is to describe, compare and discuss Ericsson's journey from that of product provider to IPSO provider, e.g. by comparison with other industry examples. Furthermore, it is to highlight future challenges and opportunities regarding e.g. business models, trends and product design.
Method
Besides a literature review about IPSO-related issues, this paper is based on an industry case -Ericsson, a Swedish multinational OEM of communications technology and services [17, 18] . One of the authors, Sofi W. Elfving, has been employed at the case company since 2011 as Manager Service Systems Research, which has enabled good access to relevant material and respondents.
The main data collection was based on semi-structured interviews [18, 19] with Ericsson staff, reports and one of the authors' experience in the business, in particular at Ericsson. The interviews were conducted in two phases in May 2013 and January 2015. Table 1 shows all respondents' positions and years at the company. The respondents were chosen with the aim to retrieve a service perspective, a product perspective and the perspective of group functions, i.e. the overall company strategy. The first run of interviews was conducted face-to-face using a semistructured interview guide. The guide was developed from knowledge attained in a series of previously conducted studies in the field of IPSO transformation (described further in Elfving and Urquhart [20] in combination with literature studies aiming at formulating assumptions and testing those, i.e. iterating in between description and prescription of the studied phenomenon (see Blessing, Chakrabrti et al. [21] ). The interviews were transcribed and analyzed using an advanced developed framework based on an activity model (see Johnsson [22] ), revealing a number of factors describing the transformation process as perceived by the respondents and current state including challenges, opportunities and next steps. The second run of interviews was carried out with respondents via mail and followed up with additional clarifying questions.
Ericsson's Journey
Ericsson, founded in 1876, has customers in more than 180 countries [17] . The company started as a telegraph repair shop but soon after began to make and sell their own telephone equipment, and has successfully expanded their product range to cover e.g. infrastructure within ICT for telecommunication operators, including telecommunications and IP networking equipment, mobile and fixed broadband. Ericsson has a broad services portfolio including business consulting, system integration, and managed services.
During the last 30 years the service business at Ericsson has evolved, and most services have been created to meet the current needs of today's telecommunication operators, for instance the introduction of stored program control switches (AXE family of telephony switches), using computers to control the switching of calls through telephony exchanges which marked the way for service enablement. The approach that Ericsson took was to make both the software and hardware modular and easily expandable. This has been a successful approach, enabling advances in processing power and component density to be easily adopted and upgraded on live switches, and to introduce new functionality in software to be added in real-time. This approach also formed the basis of switches used in the cellular networks introduced around 1980 in the first generation of mobile telephony.
Services delivered during the introduction of AXE were offered as part of the contracts to supply value in the form of hardware and software. Services were thus considered part of the telephony systems and were dependent on those to exist. At this time Ericsson could be defined as a true product company, with each technology having its own services organization responsible to ensure that the hardware and software were delivered, installed, commissioned, and supported during their lifetime.
The creation of the first service portfolios (based on technology) began in the early 1990s and marked the first attempts to enable the sales organizations to position services as offerings. These early portfolios all followed the established ways of working that had been used in traditional design and product development. The beginning of 2000 marked a radical change of departure for Ericsson when it came to services. At the time, governments were selling 3G spectrum to existing and new operators. In a number of countries existing operators had to outbid potential new operators in order not to lose their market position; this led to inflated license costs, a slowdown in investment and a decrease in hardware and software sales for the vendors. Subsequently, in 2003 customer orders continued to rapidly decline, staff were laid off, and the company were close to bankrupt. [23] .
These events marked the starting point of a radical change in the business mix and governance of the company. With the aim to take advantage of synergies all separate services organizations and portfolios, which existed in the various technology organizations, merged into one service portfolio with one responsible organization. The business unit Global Services was established and despite the difficult times, the unit made progress with turnover reaching SEK 26-27 billion. The raw model was IBM, which had gone from a technicallydriven company into one adapted to its customers, which changed its focus from hardware to software, and which developed consulting and outsourcing into core business areas.
Today, Ericsson earns close to 50 percent of its sales from its service and solutions business [17] , and IPSO is an important issue for Ericsson's current and future businesses. In contrast to a number of other OEMs, e.g. GE, Siemens etc., Ericsson is not structured as a conglomerate. Instead, it is divided into a number of business units responsible, for instance, for strategy and development; 10 regions responsible for sales and delivery; and an overarching group function which covers e.g. research, IT, finance, corporate strategy etc. The Global Services unit has been entrusted with planning, building, running and enhancing more networks than any other and has the ability to build, operate and manage any network, or integrate any network technology, regardless of the equipment currently in place, anywhere in the world.
Currently, Ericsson faces both internal (e.g. mindset change) and external challenges (e.g. competition) which need to be overcome in order to have a successful and smooth transition towards IPSO. These challenges, along with future challenges, are described in this paper.
Main Challenges and Needs
The sections below summarize the response from respondents about Ericsson's current main challenges and their perception about how those ought to be solved.
Changed Market Situation
The market in telecommunications industry has changed dramatically over the past years, and many of Ericsson's major competitors are no longer on the market (5). New ones have emerged, however, which has changed the ways the company has to compete. These new competitors have gone from being "copycats" to being very innovative, qualitydriven and drivers of the market (5). In total, there are fewer telecommunication competitors on the market today and the price pressure is very high. However, as the ICT industry grows there will be more competitors competing for the same business (5) .
Part of the changed market situation is the ongoing shift in customer needs, from products and features to services and value (5) . Eventually, the offerings will be driven from a services point of view rather than a technical perspective, and the company needs to prepare for such a shift (5, 7).
The Company's Mindset
Another challenge is the company's legacy of being product-driven -something that is still deep in the company's soul and employees' mindset, and which defines how it/they manage and act (5, 7) . The result is a perception vs. reality gap. The company says that they deliver IPSO, but in practice they actually do not. To a large extent, their hardware and software development is still based on the old business model, selling products. The potential that IPSO can provide is not possible to achieve (2, 4-5, 7).
Ericsson's Employees' Understanding of IPSO
According to the respondents (1-7), in general the company's employees are positive to IPSO.
In the delivery and operations in the regions, the part of Ericsson responsible for the roll-out, installation and delivery of services, products and solutions, there is a good understanding of how products and services are integrated. Improvements and evolution to products come from the services organization being close to the implementation and operations of the products, as well as being close to the customer needs. However, therein lies a challenge in finding and sustaining the competences that possesses in-depth knowledge about this integration process. (3-7)
The sales force needs to better understand the benefits of the integrated offering and ensure that the customers understand it. Also, the sales force needs to secure that the efficiency gains and other benefits are not given away to the customers. The general view is that this is beneficial for both the company and the customer. (3-6) 
A Product-Focused Development Process
Linked to above challenge, another challenge is to link and integrate the product and service development within the company. To a predominant extent, the services are developed after the hardware and software are developed. (5, 7) Hardware and software development is also mainly centralized, while services are developed decentralized, often independently in different countries. The latter makes it hard to manage and enable appropriate integration with the hardware development. It also makes it hard to manage product and business planning from a more strategic point of view. (5-7) An important statement is made by Respondent 7, a senior specialist at R&D who works with the future architecture of the Ericsson RBS (Radio Base Station) products and provides strategies within the test and continuous integration areas. He also acts as a mentor to their development teams and assists them in their future development work as well as product maintenance.
According to him, the internal view within R&D is that these types of contracts benefit both Ericsson and their customers. Ericsson, and especially R&D, know more about their products and how they should be configured and monitored than their customers, and they can provide a better optimized network for their customers. However, at the same time, R&D is not really connected and involved in the offering development so they cannot really contribute on the level they believe they could if involved. In other words, it is hard to develop good solutions if you do not fully understand how the offerings and their ingoing products and services are used by the customer. (7) Based on the above, the respondents (1-2, 4-5, 7) state that there is a need to connect the development processes for service and product design, which implies to redesign what exists today in terms of development processes, as well as business processes. It is a general view that investments need to move from product development to service development.
Further, the need for industrialization of the service business is stressed, both in terms of increased efficiency in delivery process, e.g. automation and remote delivery, and to close the feedback loop between service delivery and customer interaction with R&D, i.e. the now sometimes lacking reuse of delivery knowledge in both product and service development process. (5, 7) 
Customers' Understanding of IPSO
Like Ericsson's soul and mindset still to a large extent are product-focused, so are customers' mindsets (5) . Customers are used to paying for hardware but are reluctant to pay for outcome. According to the respondents (4-5, 7), a major challenge is to make the customer, especially traditional telecommunication companies, see and understand the value of outcome-based models -they are, however, still not mature enough for this type of new mindset. They lack the knowledge, skills and methods for how to evaluate and compare traditional product-based offerings with IPSO. One of the challenges relates to the fact that an outcome-based business model demands an increased focus on Operating Expenditures -OPEX instead of Capital Expenditures -CAPEX, where the customer no longer owns the products (4) (5) 7) . From Ericsson perspective, this stresses the need for a transformation of the delivery model (4) (5) . However, new types of business and customer segments not traditionally linked to telecommunications industry like media are more aligned (4-5).
Business Management and Business Model
Respondents (2-7) state that top management decisions and communications, e.g. "that we shall pursue this path", are needed.
The challenges described in the previous section, according to the respondents (2-7), imply an overall challenge: to change Ericsson's current product culture, i.e. the business model. Even though much has been done, there is still more to do. At the moment, different views on what e.g. IPSO is creates confusion, misunderstandings and an unwanted communication noise. What is needed is one view globally on the business model and its different parts (2-7).
Respondents (2-7) also mention that a challenge today is that different business units within Ericsson have different perspectives, focus and measures (see also below).
Measurement, Incentive Models and Risk Management
A transfer to IPSO implies a need and challenge to find and define a new position in the value chain, not only for Ericsson as a company but also for the different business units within Ericsson, not the least for enabling the ability to measure end-to-end, input/output in the value chain. (5) (6) This also implies a need to change the performance measurement system. What is needed is to measure products and services together, and to integrate profit and loss responsibility, i.e. to transform the incentive models within the company. Several respondents emphasize the urgent need for this but also stress that this would imply a huge shift in the governance, and thus the performance measurement system is raised as a delicate challenge for the future, if the company decides to pursue that path. (5) (6) Another consequence of IPSO is a need for new KPIs on business values and business use instead of on the product level. (5) (6) Related to performance and measurement is risk management. One highlighted challenge is that internally, people are adverse to the new types of risks introduced, risks that are a consequence of a higher exposure during the use phase. There are also investment risks related to competences building. The consequences of a traditional ownership-based business model are that the service development and competence build-up is done short-term, in projects. To transform there has to be investments on the service side, which Ericsson today perceives as more risky than to invest in product R&D. (5-7)
Discussion About Needed Changes
To stay competitive long-term there is a need to transform the current business in two dimensions: (1) transform the offering of combined products and services into true IPSO, and (2) enable business models with outcome-based value propositions (from ownership to results). These transformations imply a number of challenges for the current business in several areas.
Mindset Change
Today, the services and the products organizations within Ericsson are to a large extent independent of each other with separate organizational business units, which are consequently confronted with general challenges that come with such setup related to collaboration, e.g. separate profit and loss responsibilities, different organizational cultures, separated information system, etc (see e.g. Lingegård, Lindahl et al. [24] ). To continue the journey towards a true solution provider there is an urgent need to develop capabilities needed to drive the two-sided transformation in offering and value proposition.
While doing so, Ericsson cannot disregard its legacy as a technology-driven company; it should be considered as a key competitive advantage to succeed with the transformation. Thus, a delicate challenge resides in combining a technologydriven approach with a value-driven approach simultaneously. It demands a new type of mindset focused on value realization for customers, while maintaining and developing the traditional value-add mindset which is related to developing and selling products. These mindsets need to be combined.
Furthermore, another mindset issue is how faults and problems occurring during the operational phase are managed. From Ericsson's point of view, it would be preferable to create a "fast track" for those faults and problems occurring in Ericsson's managed networks. Since the network is operated by Ericsson it is easier to access adequate data needed for fault and problem solving, but also for testing potential solutions.
This approach will e.g. contribute in avoiding the same faults emerging in Ericsson's other managed networks, and thereby also improve the customer's perceived value of Ericsson's service. Also, it will provide in a more proactive way the same fault and problem solutions to customers that operate their own networks (see e.g. Sundin, Lindahl et al. [25] ).
IPSO Business Model
The traditional business model in the telecommunication industry is founded on ownership-based value propositions, and has traditionally worked well as the customers are mainly operators. With a shift in the customer base and the introduction of new industries, the current business model is not fit for the purpose. The new types of customers no longer ask for functions and features, but as-a-Service and results instead (see e.g. Rolls Royce [26] ). This implies a need to introduce parallel business models that complement the current one, to enable a smooth transition into new industry segments. Thus, it is not a matter of scrapping the old one and heading directly for a new business model, which is sometimes the assumption being made when presented to the new type of mindset IPSO conveys. Instead, the results indicate the need for a smooth transition into new models while preserving the current one.
IPSO Development
Establishing a tighter connection between Ericsson's business units Global Services and R&D is needed, but this also requires a better understanding of the actors involved in the IPSO (see e.g. Lindahl, Sakao et al. [27] ). Today, the teams working with R&D are very much shielded from this part of the business, which lowers their capacity to provide good solutions. Respondents stress the need for aligning the development processes for products and services, and securing knowledge feedback from the customer into new development of IPSO. One way can be by introducing automatic feedback mechanisms into the managed networks that will report back to R&D when a problem is detected. This is normally not allowed by operators running their own networks (compare with Rolls Royce [26] ).
Most likely, this will reveal new types of requirements being put on products to enable efficient service delivery. Consequently, new product capabilities need to be introduced and implemented: for example, a fully-connected product; a data handshake, defined as agreements between a supplier and its customer to share data; systems monitoring; and usage intervention with employees or machines, data analytics, and remote control.
Further, the service maturity needs to be grown into an equal level as on the product side, from data model layers towards a fully-matured service lifecycle management system enabling various degrees of automation, end-use monitoring and implementation of advanced measurement systems, e.g. customer KPI tracking [28] .
A first step to align the development processes and enable efficient IPSO development is to identify and establish common integration points between product development and service development, as well as to secure adherence to established processes.
Advance Customer Understanding of IPSO
To succeed in the transformation to IPSO the entire value chain, from suppliers and OEMs to customers, needs to understand why and what is required to pursue the transformation path. Customers need to understand the differences in buying a product from paying for an outcome to even want to move to other types of business models.
This implies that Ericsson needs to enhance its capacity to provide pedagogical, real business cases, facts and figures that, in a clear way, demonstrate the values of IPSO and in comparison with traditional product-based sales (see Lindahl, Sundin et al. [12] , who quantitatively compare environmental and economic benefits of IPSO and traditional productfocused sales by using real business cases).
Furthermore, as stated by several respondents, the services delivery engineers need to be more involved in the sales phase to secure that the offerings and solutions make sense to the customer. It is also important that R&D becomes more involved in this process so they in a better way can contribute with valuable information on how the products, e.g. radar base stations, should work and how new features should be tuned.
IPSO Performance Measurement and Risk Management
To pursue the path of IPSO the steering and behavior (i.e. mindset shift) of the organization needs to be changed. This is proposed to be accomplished partly through a change in the performance measurement system. In this way, the shift of mindset will be driven from products being the main offering towards product service systems enabled by hardware, software and services.
The Future
The telecommunications industry is transforming and needs to differentiate itself and its offerings to remain competitive. Trends such as the commoditization of products and increasing complexity are forcing telecommunications companies to take a stand: either remain on the path of a technology-push industry, or change towards a more customer value-driven business, i.e. IPSOs. To change an organization's mindset and move an organization towards this takes time [29] .
To be able to do so, there is an urgent need to understand and develop capabilities needed to continue the journey and to drive the two-sided transformation in offering and value proposition.
The IPSO phenomenon as such is surprisingly well understood in the presented case, however the capabilities needed to pursue the path still constitute a relatively unexplored area, as is the understanding of the consequences of such a choice of path.
Conclusions
Ericsson has just begun an interesting journey to transform its offerings from products into solution-focused business offerings, i.e. IPSOs.
Based on the respondents, all with broad and extensive experience within the company, this paper highlights several of the main challenges and requirements resulting from this transformation process towards IPSO. This paper also highlights several recommendations that have been identified for consideration in order to manage those challenges and needs.
